Abstract-Current skin biopsy techniques utilizing a punch biopsy device can leave raised scars that are cosmetically unappealing. With 3.8 million procedures per year, the potential marketability of a superior device is substantial. The goal of this study is to design a novel elliptical punch biopsy device that maintains the simplicity of existing products while minimizing scarring. Mechanical testing was performed on porcine skin to determine the force required to breach the dermal layer using a single #11 scalpel blade (comparable to the excision biopsy technique), the traditional biopsy punch, and a novel blade design. The force required to penetrate the skin using the novel design (81.72 N) prototype was considerably higher than the single #11 blade (1.89 N-2.42 N) as well as the punch biopsy (4.61 N). Initial force data and mathematical analysis has resulted in a final blade design that requires less force than the initial prototype and includes fail-safes to prevent excessive depth of penetration. Clinicians will ultimately test these devices, and their feedback will be used to create a final production design. Finally, a proposed mass manufacturing technique was created.
I. INTRODUCTION
In 2007, there were 3.8 million skin biopsies performed in the United States [1] . Abnormal growths on the skin such as moles, cysts, or birthmarks are all potential reasons to undergo this procedure in order to test for cancerous tissue. There are three main types of skin biopsy procedures. The shave biopsy removes lesions down to a specific depth in thin layers for histological analysis in real time. An excisional biopsy is the manual removal of a lesion by a surgeon. This requires the most skill and attention due to the difficulty of cutting a precise ellipse around the lesion so the wound can be cleanly closed. The most common type of biopsy, the punch biopsy, is performed using a sharp disposable cutting tool that removes a circular "core" of tissue, including the layer of suspicious dermis. The price and simplicity of the punch biopsy device makes this procedure the most popular among plastic surgeons, dermatologists and family practice physicians alike.
Often times the lesion of interest is in a cosmetically sensitive area such as the face, scalp, hands or abdomen. When using the traditional punch biopsy method in these regions, large raised scars (standing cones) can form postoperatively due to the mismatch of the joined edges. This occurrence is frequent enough that it has been termed "dogears", due to the distinctive raised edges at both ends of the closed circle [2] .
This study is aimed at designing and testing a new biopsy punch device which combines the ease of use associated with the punch biopsy and the superior cosmetic results typical of an excision biopsy. Various blade configurations were investigated and compared against the traditional punch biopsy using a uniaxial testing device and sections of porcine abdominal skin. Results were analyzed and used to create an updated design for testing by clinicians.
II. MATERIALS AND PROCEDURES
Prior research and physician interviews indicated an optimal ellipse ratio of 3:1 (major axis to minor axis) for the best cosmetic results and wound healing characteristics [3] . Mathematical analysis was performed to determine the optimal arc angle and arrangement of serrations along the cutting edge of the blade using the 3:1 ratio.
Skin from freshly slaughtered pigs was obtained from a local butcher and cut into 2x2 inch sections. To determine the minimum force required to puncture the skin, a single #11 surgical blade was placed into a uniaxial testing device and driven to a depth of 2 mm, the desired cutting depth of the biopsy device. Following this, a preliminary manufactured prototype was tested and again allowed to pierce the skin until full penetration was achieved. As a comparison, a 4 mm (width) traditional punch biopsy device was attached to the mechanical testing device through a custom fabricated grip and platform, allowing free rotation of the punch during vertically displaced. Representative results from the prototype are summarized in Figure 1 below.
Quantitative testing procedures are not definitive due to the differing properties of each device. The operation and use of a #11 blade, which is dragged along the skin, as compared with a rotating punch biopsy is vastly different and will have an effect the numerical data obtained. Similarly, the proposed device is designed to be 'rolled' over the lesion, not simply stamped into the skin as the testing device simulates. Such discrepancies in testing procedure are what make clinician feedback necessary and appropriate.
III. RESULTS
The results from both the mathematical analysis of the proposed design and uniaxial testing of various blade configurations provided definitive final design specifications for the elliptical blade. The results from mechanical testing indicated that the "minimum" force required to puncture skin is between 1.89 N and 2.42 N depending on the local skin mechanical properties. Testing of the punch device with rotational motion revealed a maximum force of 4.61 N. The nature of the proposed design does not allow for any rotational motion, thus the required force to puncture the skin is considerably higher than the traditional punch at, 81.72 N. Below is the force data of a prototype blade on porcine skin (Figure 1) . 
IV. DISCUSSION
Based on this preliminary mechanical testing data and mathematical analysis, a design similar to the preliminary prototype was created (Figure 2 ). Considering the higher force required to puncture the skin, some design considerations were examined and implemented into a second prototype. The handle (Figure 3 ) has two incorporated aspects that are aimed at increasing safety for the patient and increased precision for the physician. At the distal end where the blade is attached, there is an increase in plastic thickness, acting as a depth control for the blade. Furthermore, the plastic at the distal end is formed at the same arc angle (60°), such that the physician can apply a comfortable amount of pressure at any angle without fear of exceeding the desired depth of penetration.
Blade manufacturing is the largest obstacle with the current design. The current manufacturing technique of disposable biopsy punches is a trade secret and thus not readily available, however examination of the device suggests the use of a stone grinded blade strip, rolled then formed into a handle via an "over-molding" injection molding technique. This process allows costs to remain low while production rate remains high.
The fine serrations and complexity of the new design proves difficult to manufacture and limits the options for blade materials. In order to be commercially competitive, the device must be disposable and cost minimized. The current design will utilize heat-treated carbon steel to reduce costs while maintaining strength. The rough blade will be stamped into shape and polished. The handle is then injection molded around two opposing blades using the aforementioned "overmolding" technique. Experimentation of prototype blades on cadaveric tissue is continuing. Final prototypes are still under development and are scheduled to be evaluated by clinicians upon their completion. This user feedback will ultimately be taken into consideration and a final production design created.
